Botryosphaeriales is an order comprising of latent fungal pathogens with a wide range of woody hosts. These pathogens represent interesting and diverse fungi with a confusing taxonomy due to their similar morphological characters. Many genera or families of this order have not been robustly sampled or systematically studied in separate hosts and regions, although recent studies have made enormous progress. In this study, five species of Aplosporellaceae and Botryosphaeriaceae were isolated from Juglans regia (Juglandaceae), Rhus typhina (Anacardiaceae) and Ziziphus jujuba (Rhamnaceae) in Dongling Mountain of China. These species include Aplosporella ginkgonis, Aplosporella javeedii, Botryosphaeria dothidea, Phaeobotryon rhoinum sp. nov. and Phaeobotryon rhois. Of which, Aplosporella javeedii and A. ginkgonis were identified as the first records from Ziziphus jujube and Rhus typhina, respectively. Phaeobotryon rhoinum is characterised by its globose, scattered to gregarious pycnidia with ellipsoid to oblong, brown, 1-septate conidia. It can be distinguished from the similar species P. cercidis, P. cupressi, P. mamane, P. quercicola and P. rhois based on host association and conidial size and colour. The results represent the first attempts to study Aplosporella, Botryosphaeria and Phaeobotryon with descriptions and multilocus phylogenies (ITS, LSU and TEF-1α) in Dongling Mountain of China.
Introduction
The Botryosphaeriales C.L. Schoch, Crous & Shoemaker was established by Schoch et al. (2006) and encompass one family, Botryosphaeriaceae Theiss. & Syd., which confused a large number of mycologists and taxonomists. In the past, this family continuously varied until Liu et al. (2012) listed all of the various primary treatments and redefined 29 genera using multilocus phylogenetic techniques based on examinations of the types of genera. However, the interrelations of several genera remained disordered, and it is likely that Botryosphaeriales consists of more than one or two families Liu et al. 2012) . Slippers et al. (2013) , there are now nine families accommodated in the order listed by Slippers et al. (2017) . Six of these nine Botryosphaeriales families contain a single genus, while Botryosphaeriaceae consists 23 genera, representing the largest family in this order (Dissanayake et al. 2016; Slippers et al. 2017) . Aplosporellaceae and Planistromellaceae are represented by three and two genera, respectively (Sharma et al. 2017; Slippers et al. 2017) .
Aplosporella Speg. (Aplosporellaceae) was introduced by Spegazzini (1880) to accommodate six species with A. chlorostroma Speg. as the generic type, and subsequently fell into a long period of confusion with many synonyms, particularly Haplosporella Speg. (Tilak & Rao 1964; Tai 1979 ). This genus is characterized by multilocular conidiomata with a single ostiole and brown, aseptate conidia. The identifications and descriptions of most Aplosporella species were based on the host association, whereas current studies suggested that these species lack host specificity (Damm et al. 2007 ). Thus there have been more than 330 epithets in Index Fungorum (2018) with an estimated 66 epithets in Kirk et al. (2008) . Recent studies have confirmed that Aplosporella is better to be positioned in Botryosphaeriaceae (Damm et al. 2007; Liu et al. 2012) . Slippers et al. (2013) recognized that this genus should be separated from Botryosphaeriaceae under the distinct family name of Aplosporellaceae using six loci phylogeny. Slippers et al. (2013) proposed consistent connections between Aplosporella and another similar genus Bagnisiella Speg. and believed that Bagnisiella should be reduced to synonymy with Aplosporella. Sharma et al. (2017) proposed genus Alanomyces Roh. Sharma in Aplosporellaceae, which consist of saprobes on soil attached to the base of macrofungus stipes in mixed forest.
Botryosphaeria Ces. & De Not. (Botryosphaeriaceae) was proposed by de Cesati & de Notaris (1863) with 12 species. Barr (1972) Crous et al. (2006) suggested that Botryosphaeria sensu lato is composed of 10 phylogenetic lineages. Phillips et al. (2013) separated them and recognised seven species in Botryosphaeria. The genus is characterized by clavate asci with hyaline (sometimes becoming pale brown with age), aseptate (sometimes becoming 1-2 septate with age), fusoid to ellipsoid or ovoid ascospores; with hyaline (sometimes becoming olivaceous or darker with age), thin-walled, smooth, aseptate (occasionally forming 1-2 septate with age or before germination), elliptical to fusiform or clavate conidia . Several recent studies increased the species to 11 in Botryosphaeria , Ariyawansa et al. 2016 , Zhou et al. 2016 . Of which Botryosphaeria dothidea was regarded as one of the most frequent species as well as latent pathogen associated with canker disease of woody plants (Marsberg et al. 2017) .
Phaeobotryon Theiss. & Syd. (Botryosphaeriaceae) was established by Theissen & Sydow (1915) to accommodate Dothidea cercidis Cooke and subsequently involved in the broad concept of the Botryosphaeria species. However, recent studies showed that Phaeobotryon represents an individual genus and is distinct from all other genera in Botryosphaeriaceae . This genus is characterized by clavate to cylindrical-clavate asci with 2-septate, brown ascospores with conical apiculi at each end; and ellipsoidal to oblong or obovoid, hyaline or brown conidia, that are mostly 2-septate at maturity , Fan et al. 2015a . Phaeobotryon consists of nine species in Index Fungorum (2018) with an estimated four epithets in Kirk et al. (2008) , of which only four species (P. (Liu et al. 2012; Phillips et al. 2013; Slippers et al. 2013; Fan et al. 2015a) .
During the course of cognitive practice to investigate forest pathogenic fungi in Dongling Mountain, isolates of Aplosporella, Botryosphaeria and Phaeobotryon were obtained from three unrelated hosts, i.e., Juglans regia L. (Juglandaceae DC. ex Perleb), Rhus typhina L. (Anacardiaceae R. Br.) and Ziziphus jujuba Miller (Rhamnaceae Juss.). The current study aims to clarify the systematics and taxonomy of these Botryosphaeriales fungi with detailed descriptions.
Materials and methods

Sampling and isolation
Seventeen isolates were isolated from symptomatic branches and stems of Juglans regia (Juglandaceae), Rhus typhina (Anacardiaceae) and Ziziphus jujuba (Rhamnaceae) during the course of cognitive practice supporting by Beijing Forestry University (BJFU) in Dongling Mountain of Beijing, China (Table 1 ). The suspension of conidia was established by removing a mucoid spore mass from conidiomata or ascomata, and spread the suspension on the surface of 1.8 % potato dextrose agar (PDA) in a petri-dish, and incubated at 25 °C for up to 24 h. Single germinating conidia were transferred onto fresh PDA plates. Specimens and isolates were deposited in the Key Laboratory for Silviculture and Conservation of the Ministry of Education in BJFU, and the working Collection of X.L. Fan (CF) housed at the BJFU. Axenic cultures are maintained in the China Forestry Culture Collection Centre (CFCC).
Morphology
Species identification was based on the morphological characteristics of the conidiomata from infected host materials. The macro-morphological photographs were captured using a Leica stereomicroscope M205 FA (Leica Microsystems, Wetzlar, Germany), including structure and size of stromata; number, structure and size of ectostromatic disc and ostioles. Micro-morphological observations include shape and size of conidiophores and conidia determined under a Nikon Eclipse 80i microscope (Nikon Corporation, Tokyo, Japan) equipped with a Nikon digital sight DS-Ri2 high definition colour camera (Nikon Corporation, Tokyo, Japan), using differential interference contrast (DIC) illumination and the Nikon software NIS-Elements D Package v. 3.00. Adobe Bridge CS v. 6 and Adobe Photoshop CS v. 5 were used for the manual editing. A total of 20 conidiomata and 50 conidia were measured to calculate the mean size and standard deviation (SD). Nomenclatural novelties and descriptions were deposited in MycoBank . Colony diameters were measured, and the colony colours described after 3 wk according to the colour charts of Rayner (1970) .
DNA isolation, amplification and sequencing
Genomic DNA was extracted using a modified CTAB method, with fungal mycelium harvested from PDA plates with cellophane (Doyle & Doyle 1990 ). The PCR amplifications were performed in a DNA Engine (PTC-200) Peltier Thermal Cycler (Biorad Laboratories, CA, USA). The internal transcribed spacer (ITS) region was amplified using the primers ITS1 and ITS4 (White et al. 1990 ). The nuclear ribosomal RNA large subunit (LSU) region was amplified using the primers LR0R and LR7 (Vilgalys & Hester 1990) . The translation elongation factor 1-alpha (TEF-1α) region was amplified using the primers TEF1-688F and TEF1-1251R . The PCR mixture for the all regions consisted of 1 μL genomic DNA, 3 mM MgCl 2 , 20 μM of each dNTP, 0.2 μM of each primer and 0.25 U BIOTAQ DNA polymerase (Bioline Reagents, London, UK). Conditions for PCR cycle of ITS and LSU genes constituted 35 cycles of 30 s at 95 °C, 30 s at 48 °C and 1 min at 72 °C, while the TEF-1α gene was performed using 35 cycles of 30 s at 95 °C, 45 s at 56 °C and 1 min at 72 °C. The PCR amplification products were visually estimated by electrophoresis in 2 % agarose gels. The PCR products were sequenced in two directions using the PCR primers and the BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA), and performed with an ABI Prism 3730XL Sequencer (Applied Biosystems) according to the instructions of the manufacturer.
Phylogenetic analyses DNA sequences generated by each primer combination were used to obtain consensus sequences using Seqman v. 7.1.0 in the DNASTAR lasergene core suite software (DNASTAR Inc., Madison, WI, USA). Reference sequences were selected based on sequence availability from relevant published literature Slippers et al. 2013 Slippers et al. , 2017 Fan et al. 2015a, b; Dou et al. 2017; Du et al. 2017; Sharma et al. 2017) (Table 1) . Sequences were aligned using MAFFT v. 6 (Katoh & Standley 2013) and edited manually using MEGA v. 6.0 (Tamura et al. 2013) . A partition homogeneity test (PHT) test with heuristic search and 1000 homogeneities was performed using PAUP v.4.0b10 to test the discrepancy between the ITS-LSU and EF-1α in reconstructing phylogenetic trees. A maximum parsimony (MP) analysis was performed using PAUP v. 4.0b10 with a heuristic search option of 1000 random-addition sequences using a tree bisection and reconnection (TBR) branch swapping algorithm (Swofford et al. 2003) . The branches of zero length were collapsed and all equally parsimonious trees were saved. Other parsimony scores such as tree length (TL), consistency index (CI), retention index (RI) and rescaled consistency (RC) were calculated (Swofford et al. 2003) . A maximum likelihood (ML) analysis was performed with GTR+G+I model of site substitution including estimation of Gamma-distributed rate heterogeneity and a proportion of invariant sites using RAxMLv.7.2.8 (Stamatakis 2006) . MrModeltest v. 2.3 was performed to estimate the best nucleotide substitution model settings for each gene (Posada & Crandall 1998) . A Bayesian inference (BI) employing a Markov Chain Monte Carlo (MCMC) algorithm was performed in MrBayes v. 3.1.2 based on the individual DNA dataset from the results of the MrModeltest (Ronquist & Huelsenbeck 2003) . Two MCMC chains were run from random trees for 1000000 generations and trees were sampled by each 100th generations. The first 25 % of trees were discarded as the burn-in phase of each analysis, and the posterior probabilities (BPP) were calculated to assess the remaining trees (Rannala & Yang 1996) . The branch support from MP and ML analysis was evaluated with a bootstrapping (BS) method of 1000 replicates (Hillis & Bull 1993) . Fusicladium convolvularum (CBS 122706), F. effusum (STE-U 4525) and F. oleagineum (CBS 113427) were selected as outgroup taxa in all analyses . Phylograms are shown using Figtree v. 1.3.1 (Rambaut & Drummond 2010) . Novel sequence data were deposited in GenBank (Table 1 ) and the multilocus sequence alignment file and ITS sequence-alignment file were maintained in TreeBASE (www.treebase.org; accession number: S22512).
Results
The alignment included 137 Botryosphaeriales ingroup strains with a total of 2003 characters including gaps from three gene portions (694 for the ITS, 852 for the LSU and 457 for the TEF-1-α). In the alignment 1041 characters are constant, 172 variable characters are parsimony-uninformative and 790 characters are variable and parsimonyinformative. The results from the PHT test were not significant and supported a decision to combine the three gene datasets. MP analyses generated 200 parsimonious trees, one of which is presented in Fig. 1 (TL = 4280, CI = 0.411, RI = 0.856, RC = 0.352). Topologies of ML (final likelihood value of -23106.782503) and Bayesian analyses were similar to the MP tree. The MP bootstrap supports (BS) equal to or above 50 were shown in branches in Fig. 1 . The branches with significant Bayesian posterior probabilities (BPP) equal to or above 0.95 are shown in the phylogram (Table 1) . The phylogram included nine known lineages: Aplosporellaceae, Botryosphaeriaceae, Endomelanconiopsisaceae, Melanopsaceae, Phyllostictaceae, Planistromellaceae, Pseudofusicoccumaceae, Saccharataceae and Septorioideaceae, representing nine families in Botryosphaeriales. The current sequences from our 17 Chinese collections clustered into five clades within Aplosporella (Aplosporellaceae), Botryosphaeria and Phaeobotryon (Botryosphaeriaceae), representing Aplosporella ginkgonis C.M. Tian, Z. Du & K.D. Hyde, Aplosporella javeedii Jami, Gryzenh., Slippers & M.J. Wingf., Botryosphaeria dothidea, Phaeobotryon rhoinum and Phaeobotryon rhois (Fig. 1) . The three isolates of Phaeobotryon rhoinum from Rhus typhina clustered in the subclade of Phaeobotryon and are distinct from other species of Phaeobotryon. The three strains clustered in an individual clade representing a novel species with high support values (MP/ML/BI = 99/100/1); this is also supported by morphology. (Du et al. 2017 ). This fungus is illustrated and characterised by its multilocular conidiomata with one to four ostioles, and aseptate, brown, ellipsoid to oblong conidia (16-20.5 × 6.0-7.5 μm) (Du et al. 2017) . Both morphology and the sequence data confirmed that our three isolates belong to this species. Therefore, this represents a new host record (Rhus typhina) for Aplosporella ginkgonis. Notes: Botryosphaeria dothidea is the type species of Botryosphaeria (Botryosphaeriaceae, Botryosphaeriales), which was regarded as a latent pathogen of global importance to woody plant health (over 24 genera plants) (Marsberg et al. 2017) . This fungus was reported to be the most commonly species causing canker disease with a wide host range in China (Deng 1963; Tai 1979; Wei 1979; Zhuang 2005 Etymology:-Named after the host genus on which it was collected, Rhus.
Descriptions:-Asexual morph: Pycnidial stromata immersed in the bark, globose, scattered to gregarious, erumpent slightly through the surface of bark, unilocular. Ectostromatic disc honey to hazel, inconspicuous, circular. Ostioles black, inconspicuous, at the same level as the disc surface, surrounded below disc by lighter entostroma. Locule single, globose, (230-)250-420(-450) μm in diam. Conidiogenous cells formed from the cells lining the inner walls of the locules, hyaline, smooth, inconspicuous. Conidia ellipsoid to oblong, smooth to verruculose, moderately thick-walled, guttulate, ends rounded, initial hyaline, aseptate, becoming brown, 1-septate when mature, (18.5-)19-21(-21.5) × (7-)7.5-9 ( = 20.1 ± 0.8 × 8.2 ± 0.5 μm, n = 50) μm. Sexual morph: not observed.
Culture characteristics: Culture on PDA is initially white, becoming olivaceous to fuscous black after 7-10 days. The colony is felt-like, thick and fluffy with abundant aerial mycelium. Pycnidia distributed irregularly on the medium surface. Notes:-Phaeobotryon rhoinum is associated with canker disease of Rhus typhina, which has similar characteristics with P. rhois. Morphologically, P. rhoinum has smaller conidia (19-21 ×7.5-9 μm) as compared with the conidia (20-25 × 10-12 μm) of P. rhois (Fig. 2) (Fan et al. 2015a) . Phylogenetically, it clusters in a separate lineage (MP/ML/BI = 99/100/1) compared to all other strains included in this study, and therefore we describe this species as a new. Notes: Phaeobotryon rhois was known to cause canker and dieback disease of Rhus typhina in China (Fan et al. 2015a ). This fungus is illustrated and characterised by its globose, unilocular fruiting bodies and small, brown, 1-septate conidia (20-25 × 10-12 μm) (Fan et al. 2015a) . Both morphology and the sequence data confirmed that our three isolates belong to this species.
Discussion
In this study, five species of Aplosporellaceae and Botryosphaeriaceae (Botryosphaeriales) were isolated from Juglans regia, Rhus typhina and Ziziphus jujuba in Dongling Mountain of China. These species include Aplosporella ginkgonis, Aplosporella javeedii, Botryosphaeria dothidea, Phaeobotryon rhoinum and Phaeobotryon rhois. Among them, Aplosporella javeedii and A. ginkgonis were identified as the first records from Ziziphus jujube and Rhus typhina, respectively. Phaeobotryon rhoinum is introduced here as new. The results represent the first attempts to study Botryosphaeriales fungi with morphology and multi-locus phylogenies (ITS, LSU and TEF-1α) in Dongling Mountain of China, which is considered as a practice base of biodiversity with a high diversity for forest species in Beijing Forestry University. In the current study, 17 specimens were collected from symptomatic branches and twigs associated with canker or dieback disease. Four species were isolated from 11 specimens of Rhus typhina with various symptoms, suggesting that many additional undiscovered species of botryosphaeriaceous fungi exist in China.
Botryosphaeriales species are typically regarded as latent or opportunistic pathogens and seem to have a wide range of hosts and unclear patterns of host association (Schoch et al. 2006; Slippers et al. 2013) . Recent studies have suggested that these species prefer hosts that are suffering from environmental stress, particularly drought stress (Slippers & Wingfield 2007; Marsberg et al. 2017) . Additionally, de Wet et al. (2008) and Alves et al. (2013) observed and analysed the patterns of host association of some genera of botryosphaeriaceous fungi, e.g., Botryosphaeria, Dothiorella, Diplodia, Lasiodiplodia and Neofusicoccum, which suggested that both host generalists and species specialists were present in all lineages in this order, and proposed some assumptions such as site-specific factors or host-associated co-evolution. In the present study, most fungi infected only one single species (apart from Aplosporella javeedii, which were proved to infect several host species) (Fan et al. 2015b) . These results also suggest that host selectivity is a universal characteristic in some taxa.
In the future studies of Botryosphaeriales fungi, extensive fresh materials should be collected to help clarify the confused species concepts. Most taxa in this order still lacked type materials linking to multigene DNA data. The fungal diversity of Botryosphaeriales associated with canker or dieback disease seems to be an attractive region of discovery. 
